Physical inactivity is an important risk factor for many chronic diseases. The purpose of this study was to investigate the crosssectional associations between walking and body mass index (BMI). This study comprised 9991 adults (5723 women), aged 37.8 ± 9.5 years, from the 2004 Azorean Physical Activity and Health Study. Walking was assessed with the International Physical Activity Questionnaire, and expressed as minutes per week. BMI was calculated from self-reported weight and height. A series of multilevel linear regression models were fitted to assess regression coefficients and s.e. predicting BMI. Results show that, in both genders, and after adjustments for potential confounders, walking was not a significant predictor of BMI. Therefore, our analysis does not extend the findings of earlier studies as it shows no significant associations between walking and BMI, after adjustments for potential confounders. Nevertheless, among Azoreans walking should be encouraged, as walking has other health benefits, beyond controlling obesity.
Introduction
Physical inactivity is an important risk factor for coronary heart disease and other chronic diseases (Haskell et al., 2007) . For instance, physical activity (PA) levels, as well as sedentary behaviour appear to have an important role in long-term weight regulation (Nelson et al., 2006) .
Walking is regarded as one of the most popular leisure time PA pursuits in Europe (Vaz de Almeida et al., 1999) . Literature has shown that walking may decrease the risk of diabetes, improve lipid profile and cognitive function, have a favourable effect on body fat and body mass gain and, reduce cardiovascular risk (Hamer and Chida, 2008) . In addition, 'brisk' walking appears to meet the minimum intensity recommended to achieve cardio respiratory benefits in unfit populations (ACSM, 1998) .
Despite the importance of these issues for public health prevention strategies, most of the research on the relationship between walking and body mass index (BMI) has been carried out in the United States. Consequently, studies in other settings are necessary, as it is not clear whether the observed associations are generalizable to other populations. To the best of our knowledge no data exist regarding the Azorean population. Therefore, the purpose of this study was to investigate the cross-sectional associations between walking and BMI among Azoreans.
Methods
Study design and sampling Data for this study are derived from the Azorean Physical Activity and Health Study. The study methods are reported elsewhere (Santos et al., 2008) . Briefly, data were collected in 2004 by mailing questionnaires to the adult residents of all the Azorean Islands and municipalities, a Portuguese Archipelago. For this study, 9991 adults, aged 37.8±9.5 years, for whom questionnaires contained complete information on the variables of interest, were considered.
Measures
BMI was calculated from self-reported weight and height.
Walking, PA and sitting time were assessed with the International Physical Activity Questionnaire (short last week version). Walking and PA were expressed as minutes per week. Walking was computed by multiplying the reported minutes per week of walking by the number of walking days. PA was computed by multiplying the reported minutes of moderate and vigorous PA (excluding walking) by the number of PA days. Sitting time was expressed as minutes by day.
Other variables included in this analysis were: (i) Education level: 4 years; 5-9 years; 10-12 years and higher education. 
Statistical analysis
Variables significantly associated with BMI (dependent variable) with Spearman's correlations (data not shown) were introduced in the models as independent variables. To analyse the relation between BMI and walking, a series of Multilevel Linear Regression models were fitted to assess regression coefficients and s.e. predicting BMI. Subjects were nested in three levels: level 1-subject; level 2-municipality; level 3-island. The final models included walking, age, education level, PA, sitting time, sleep duration, tobacco and alcohol consumptions and, meal frequency. The women's final model also included a random intercept for municipality. The men's final model also included random intercepts for island and municipality; a random slope (island) for age and, a random slope (municipality) for sleep duration.
Statistics were performed using SPSS15.0 and MLWin2.0 (Po0.05).
Results
Compared to men, women had on average a lower BMI a less PA and walking (Po0. 001 for all) ( Table 1) .
Walking was not a significant predictor for BMI, after adjustments, in either gender (Table 2) .
Discussion
In our study walking was not a significant predictor for BMI, in either gender. Whereas some studies (Thompson et al., 2004; Murphy et al., 2007) have described negative relationships between BMI and walking, others pointed-out that the negative association between PA and BMI is restricted to vigorous rather than moderate-intensity activities (Bernstein et al., 2004) . Although moderate PA may be adequate to decrease cardiovascular risk factors and mortality, it may not be sufficient for weight control (Bernstein et al., 2004) . Guo et al. (1999) also demonstrated that higher PA levels were required to preserve fat-free mass and reduce body fat with aging. Although the cross-sectional nature of this study does not allow casual relationships to be determined, our data suggests that walking per se may not increase energy expenditure sufficiently to prevent high BMI after adjustments. Nevertheless, obese individuals may benefit more from their walking time than normal-weight participants and therefore walking should be encouraged. For instance, Hills et al. (2006) demonstrated that in spite of walking slower, obese individuals had a more intense physiological response than normal-weight counterparts even if they 'walked for pleasure', which equated with an exercise intensity sufficient to improve cardio respiratory fitness in obese, but not in normal-weight individuals. Browning and Kram (2005) also showed that walking was 11% more calorically expensive for obese women compared with normal-weight, when done at similar speeds, which may imply a greater cardiovascular effort for the obese. In our study, we did not assess the intensity of walking, which may be an important feature that differentiates walking patterns in normal-weight and overweight/obese individuals. Nonetheless, based on previous research, it is possible that our overweight/obese subjects may have had grater cardiovascular benefits from walking than normal-weight subjects, for the same walking time and intensity.
In conclusion, our analysis does not extend the findings of previous studies as it demonstrates no significant associations between walking and BMI, after adjustments. Despite the limitations (data relies on questionnaires, which may result in an overestimation of behaviours considered positive, like PA and an underestimation of negative personal characteristics like weight status; and the cross-sectional design that does not allow casual relationships to be determined) our data suggests that walking per se may not increase energy expenditure sufficiently to prevent high BMI. Nevertheless, from a public health perspective, strategies to promote PA among the Azorean adults should encourage walking behaviour, as walking has many other health benefits (Hamer and Chida, 2008) , beyond controlling obesity. Walking is safe, accessible and virtually a costfree form of PA. Walking, as any other moderate PA, can be more readily adopted and maintained throughout the lifetime than vigorous PA. Walking as a way to commute provides a feasible method of integrating PA into modern lifestyles.
